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ABSTRACT
The increasing commercialization of small-space requires versatile subsystems that make efficient use of limited
spacecraft volumes. Smart structure technology that provides both mechanical and electrical functionality is a
beneficial solution to spacecraft miniaturization. Embedding avionics within satellite structural components reduces
the overhead required for integrating numerous systems and maximizes space for the payload and other critical
instruments. Combining different subsystems that are usually developed independently of each other is an innovative
approach to space system design. This paper evaluates the feasibility of an embedded microstrip patch antenna within
a structural panel comprised of a sandwich structure of carbon fiber composites and a polyethylene fiber composite.
Patch antennas provide a low profile, light weight, small-dimension and easily-manufactured solution to small satellite
communication. The embedded antenna panels are designed to be adaptable for any function and size required by the
end user. This paper presents three distinct applications for this embedded antenna technology: (1) An S-band antenna
for space-to-earth telemetry transmission for a radar mapping spacecraft; (2) An S-band antenna for space-to-ground
communications for CubeSats; and (3) A Ka-band antenna for space-to-space communications between nanosatellites
in a low-Earth orbit backhaul constellation. For each case, we present technical performance evaluation (including
electromagnetic simulation using ANSYS HFSS) and a study of the systems integration feasibility.

structures can reduce the subsystem’s volume by 80%,
mass by 90%, and assembly labor by 50%.13

INTRODUCTION AND MOTIVATION
Designing, building, and operating space missions is a
costly and relatively challenging endeavor for academia,
industry, and even government agencies. As the
functionalities and demands of spacecraft become
increasingly complex, so too does the number of
components that require integration, and consequently
the overhead costs.1,2 One trend in the space industry that
can overcome these barriers is the miniaturization of
spacecraft. The nanosatellite platform is one example of
miniaturized space mission technology that is driven by
bringing down the barrier of entry for testing new
technologies or conducting scientific investigations.3,4
Another driver of space mission accessibility is the use
of lighter, more durable composite materials.5

One of the more challenging elements of miniaturized
space missions can be the communications system,
which is responsible for transmitting critical data over
vast distances despite limitations on available power and
space. Antennas that provide higher gain capabilities
with a smaller component footprint can make
communications systems more effective. Microstrip
antennas have thin planar profiles and are easily
fabricated, and integrating them with the structural
panels of a spacecraft is an ideal solution to
miniaturization and cost reduction. Larger antenna
structures that protrude from the spacecraft are
cumbersome and increases the risk of collisions. A lowprofile embedded antenna reduces the risk of damage
from micrometeoroids and orbital debris (MMOD), and
also eliminates added risk from deployable structures.
Additionally, these antennas can be manufactured using
composite materials such as carbon fibre reinforced
polymers (CFRP) and polyethylene fibre composites
(PFC). Materials such as CFRP and PFC possess the
desired structural qualities of traditional materials such
as metals, while reducing weight significantly5,14.

The innovation of multifunctional structures benefits the
continuous effort of miniaturizing spacecraft by utilizing
otherwise passive elements. Adding spacecraft bus
functionalities to the structure maximizes usable volume
for other scientific instruments / payloads, adding value
to spacecraft missions. Previous research in the field of
multifunctional structures for satellite applications
include embedded radiation shielding,6 orbital debris
shielding,7 energy storage (batteries),8,9,10 electronics,
wiring harness, and thermal control.11,12 Research also
shows that the incorporation of multifunctional
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Figure 1: Case studies (1) radar mapping spacecraft; (2) CubeSats; (3) satellite backhaul constellation
lightweight and durable composite materials, the
integration process can be simplified, overall mass can
be reduced, and costs can be reduced. In addition,
implementing microstrip patch antennas yield higher
gain capabilities and more miniaturized dimensions than
mono- and dipole antennas, which are more commonly
used particularly with nanosatellites.

The Canadian CubeSat Project, initiated by the
Canadian Space Agency in Spring 2018,18 provides
opportunity and funding to university teams across
Canada to design, build, and launch their own CubeSats,
each with a unique scientific payload.
CubeSat teams often operate their own ground stations
for satellite TT&C which rely on amateur radio
operators. Incorporation of amateur radio increases the
accessibility of space missions to different users such as
students and worldwide operators. The frequency chosen
for this case study (2.45 GHz) falls within the allocated
spectrum in the S-band for amateur use,16 and will
consider
space-to-earth
communications.
The
miniaturized dimensions of CubeSats can be as small as
10 x 10 x 10 cm (also known as 1U), and imposes a strict
restriction on available space and lends to smaller
antenna apertures.

This paper studies the concept of a 2-in-1 smart panel for
use in three distinct case studies (a large radar mapping
spacecraft, CubeSats and a constellation of small
spacecraft to provide a data backhaul service), illustrated
in figure 1. The following sections describe each case:
Case 1: Radar Mapping Spacecraft
Earth observation satellites, especially radar mapping,
have many practical applications such as agriculture,
meteorology, and environmental sensing. An example is
the RADARSAT Constellation Mission (RCM) which is
a Canadian space mission that consists of a fleet of three
satellites for earth observation using synthetic aperture
radar (SAR).15 While the SAR system uses C-band
frequencies for imaging, RCM uses S-band frequencies
for tracking, telemetry, and command (TT&C) data. The
frequency chosen for this case study (2.25 GHz) falls
within the allocated spectrum for earth exploration
satellite space operation and space research downlink.16
The RCM satellites are approximately 3.6 metres tall and
represent traditionally larger sized spacecraft for the case
study. This allows for larger antenna aperture sizes
which increases the gain, and benefits missions such as
earth observation satellites that generate high volumes of
data.

Case 3: Nanosatellite Constellation
Satellites in a low-Earth orbit backhaul constellation
create a communication relay network that can be
accessible to operators of small satellites. Having a
communication relay can help satellite operators by
eliminating the need for independently-run ground
stations. The opportunity to outsource and streamline
ground station operations to dedicated constellations can
benefit the increasing commercial use of small satellites.
This study will look into space-to-space Ka-band TT&C
communications using frequencies (23 GHz) within the
allocated spectrum for inter-satellite communications.16
The size of the spacecraft is also limited to the CubeSat
dimensions of a 6U (10 x 20 x 30 cm).

Case 2: CubeSats

Panel Structure

Nanosatellites, or CubeSats, are miniaturized satellite
spacecraft that are notably popular with student groups
and academic institutions, while progressively trending
towards commercial uses. CubeSats make up an
increasing portion of total satellite launches per year.17

The panel must be able to provide structural integrity to
the spacecraft structure while supporting the integration
of embedded antennas without detriment to antenna
performance. To address these design requirements, we
chose an antenna panel architecture that consists of a
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polyethylene fiber composite sandwiched between
layers of carbon fiber composite, as shown in figure 2.
Since the CFRP chosen is a relatively conductive
material, it serves as the ground plane and the antenna,
while the PFC serves as the dielectric material.

Table 1: Microstrip Antenna Dimensions

CFRP
PFC
CFRP

Case

Frequency [GHz]

Length [mm]

Width [mm]

1

2.25

43.88

51.89

2

2.45

40.29

47.66

3

23

4.20

5.07

The results were used to construct the microstrip patch
antenna in ANSYS HFSS, as shown in figure 3, where P
is the impedance matched feed point. The antenna is
probe-fed from below using a coaxial cable. The feed
point location of the antenna is determined by finding the
point at which the signal experiences the minimum
reflection/power loss at the desired operational
frequency. These parameters for a single patch element
can be utilized to expand the design into an array of
antennas that can further improve on the gain and
directivity.

Figure 2: Structural Panel Stack-up
The CFRP chosen for the application in the case studies
is a coupon of RS3/M55J obtained from Applied
Aerospace Structures Corporation. This composition
was chosen due to its flight heritage on the solar panel
structure of the Canadian scientific satellite, CASSIOPE.
The PFC composition chosen is high density
polyethylene (HDPE) fibers with a polyethylene matrix
from the Advanced Composite Materials Lab at the
University of Manitoba. This composite stack-up was
chosen due to heritage and previous research by the lab
illustrating the structural qualities of CFRP/PFC
composites for aerospace applications.6

For the purpose of these case studies and computational
efficiency, the CFRP is assumed to be a sheet with finite
conductivity and the HDPE is modelled with a height of
h = 0.2mm, relative permittivity εr = 2.3 and loss tangent
tan δ = 0.0005. The probe-feed coaxial cable is modelled
with copper conductors and a Teflon dielectric material.

substrate

Each case study will analyze individual element design
and evaluated through simulation results using ANSYS
HFSS software.

P
L

ANTENNA DESIGN
W

Equations (1)-(4) below were used in calculating the
dimensions of the rectangular microstrip antenna where
εeff is the effective permittivity, W is the width of the
patch, ΔL is the length of the fringing fields, and L is the
length of the patch.19 The calculation results for each
case are expressed in table 1.

Figure 3: Microstrip Patch Antenna Dimensions

(1)
SIMULATION RESULTS
(2)

The electromagnetic software simulated the constructed
antenna with dimensions from the previous section. The
feed points were optimized within the software to
impedance match and minimize losses.

(3)

The S-parameter terminal response of a system measures
how much of an incoming signal is reflected back into
the source as reflection losses, or S11. The S11 plot is
used to evaluate the center frequency and -10 dB

(4)

Platero

3

33rd Annual AIAA/USU
Conference on Small Satellites

Case 2: CubeSats

bandwidth, while the radiation pattern is used to
determine the peak gain and half power beamwidth. The
simulations yield the following results:

The antenna model was analyzed and the results are
summarized in table 3. The S11 response is shown in
figure 6, and the 3D radiation pattern in figure 7.

Case 1: Radar Mapping Spacecraft
The antenna model was analyzed and the results are
summarized in table 2. The S11 response is shown in
figure 4, and the 3D radiation pattern in figure 5.

Table 3: Case 2 Simulation Results Summary
Parameter

Table 2: Case 1 Simulation Results Summary
Parameter

Value

Value

Center Frequency

2.43 GHz

Bandwidth

15.6 MHz

Gain

7.60 dB
80º
-39.9 dB

Center Frequency

2.23 GHz

Half Power Beamwidth

Bandwidth

15 MHz

Return Loss

Gain

7.25 dB

Half Power Beamwidth

76º

Return Loss

-33.8 dB

Figure 6: Case 2 S-Parameter Plot

Figure 4: Case 1 S-Parameter Plot

Figure 7: Case 2 3D Radiation Plot

Figure 5: Case 1 3D Radiation Plot
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Case 3: Nanosatellite Constellation

DISCUSSION

The antenna model was analyzed and the results are
summarized in table 4. The S11 response is shown in
figure 8, and the 3D radiation pattern in figure 9.

The antenna gain achieved in the simulations for a single
element patch is larger than that of a mono- or dipole
antenna which is currently the more commonly used
antenna for nanosatellites.20 Although the microstrip
antennas are narrow band, there exists design techniques
to improve bandwidth, such as introducing slots, partial
ground planes, or changing its shape. Additionally, the
patch antenna radiation patterns show that they are more
directive than mono- and dipole antennas, whose
omnidirectional pattern gives a half-power beamwidth of
approximately 180º. Having a more directive antenna
might impose higher pointing accuracy requirements on
the spacecraft depending on the nature of the mission.
Some spacecraft, like RCM for example, contain
payloads that already require nadir-pointing, and the
antenna could be placed to be always pointing towards
earth.

Table 4: Case 3 Simulation Results Summary
Parameter

Value

Center Frequency

22.22 GHz

Bandwidth

391 MHz

Gain

7.50 dB

Half Power Beamwidth

60º

Return Loss

-35.0 dB

Due to the limited available surface area on small
satellites, additional antenna miniaturization is needed in
order to create multiple element arrays, if higher gain is
required. On the other hand, bigger spacecraft like RCM
have more space to support larger arrays, up to an
aperture are of 1m2.
The goal for this component is to be adaptable for any
use case and be available off the shelf for satellite
manufacturers. A panel could be specified for a certain
frequency band and can be cut or sized accordingly,
eliminating the need for custom-designed and
manufactured components. In the event of a satellite with
much higher antenna performance requirements that the
panel can deliver, it can also function as a back-up
antenna. Since the antenna is low profile and embedded
in a durable structure, it is much more resistant MMOD
damage.

Figure 8: Case 3 S-Parameter Plot

FUTURE WORKS AND APPLICATIONS
Evaluation of the case studies show promising results
that this approach can be developed into a novel
technology for spacecraft communications. The results
obtained from a single patch element show that research
can be continued to improve the antenna for various
spacecraft complexities.
Future work for this project includes further
implementing antenna design techniques for wideband
operation, increased gain, beam-forming, and steerable
phased arrays. There is also additional work for material
characterization of the CFRP and PFC to observe the
effects of the composites on the substrate performance
and conductivity. Once constructed, a study can be

Figure 9: Case 3 3D Radiation Plot
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conducted on the manufacturability and adaptability of a
single panel structure.
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CONCLUSION
The objective of this project is to develop a versatile
component for spacecraft that performs multiple
functions while reducing overhead costs for integrating
components. This paper presented a preliminary singleelement patch design for potential use cases in different
levels of spacecraft complexity and size. Simulation
results show promise that this cost-saving and versatile
technology could be feasible for future satellite
programs.
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